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traction into sodium chloride solution, and in the third potassium chloride 
penetrating by intertraction into potassium nitrate. 

In the diagram are set out a series of results applying to magnesium 
sulphate superposed on cobalt chloride. It is divided into sections ; in the 
first section (1-4) is depicted the progress of the intertraction, the analysis 
having been made after three different time-intervals. The lower sections 
(5 and 6) of the diagram are to be read in relation to No. 3. 

In conclusion, I have much pleasure in expressing my thanks to the 
Committee of the Inoculation Department for the facilities afforded to me 
for the carrying out of this research, and to Sir Almroth Wright for the 
interest he has taken in this research and his kind assistance in framing this 
paper. 
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[Plate 5.] 

1. Introductory. 

In connection with the investigation of the vacuum arc spectrum of potas- 
sium,* which was undertaken mainly to improve the existing measures, it was 
found that the type of lamp used in that experiment was unsuitable for the 
production of the higher members of the series. Already Woodf has shown 
that the principal series of sodium is much more complete in the absorption 
than in the emission spectrum, and has extended the series up to m = 57. 
BevanJ repeated the experiments with the other alkali elements and was able 
to extend the principal series in each case very considerably. In view of the 
importance of obtaining accurate measures of these lines and a possible 
extension of the series, so that they may afford data which will help to throw 
some light on the question as to the nature of the formula giving series lines, 
it was thought desirable to repeat the experiment of Bevan with instruments 
of greater dispersion. The results which have been accomplished in the 
repetition of the work may be briefly summarised as follows : — 

(1) The number of members of the series has been raised from twenty-four 

* ' Roy. Soc. Proc., 5 A, vol. 99, p. 69 (1921). 

t R. W. Wood, « Astrophys. Journ.,' vol. 29, p. 97 (1909) ; R. W. Wood and R. Fortrat, 
' Astrophys. Joura.,' vol. 43, p. 73 (1916). 
t 'Phil. Mag.,' vol. 19, p. 195 (1910). 
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to forty-two. (2) The first seven members of the series have now been 
resolved into their components as compared with five in previous investiga- 
tions. (3) Besides the absorption of the lines of the principal series, new 
lines have been found to be absorbed at somewhat higher pressure which 
seem to have no correspondence with the known lines in the emission 
spectrum. (4) An important result of the experiments is the observation of 
the absorption of the two combination lines Is — 2d and Is — 3d, the first as a 
pair confirming the presence of a satellite to the lines of the diffuse series, 
and the second as an unresolved line. 

2. Experiments. 

The metallic potassium was vapourised in a tube of steel, about 20 inches in 
length and 1 inch in diameter, heated electrically, so as to obtain proper 
control over temperature. The ends of the tube were closed with thin quartz 
lenses, attached with sealing-wax and kept cool by circulation of cold water 
through two jackets fitted on the ends of the tube. Previous to heating, the 
tube was exhausted by a Gaede pump, and during the experiment the vapour 
pressure of potassium was maintained nearly constant by a make-and-break 
arrangement in the heating circuit, which secured the necessary control. As 
the source of light, the white-hot crater of an ordinary carbon arc, maintained 
at 110 volts and about 12 amperes, was used. Besides giving out a strong 
continuous spectrum it emitted a few iron and other lines, which were used as 
comparison lines with advantage and provided the surest check against any 
mechanical shift. The temperature of the tube and the resulting vapour 
density of potassium were regulated according to the portion of the series 
under investigation. Preliminary experiments with a small quartz instru- 
ment revealed the fact that for the first few members the pressure should not 
exceed 8 mm. in order to obtain lines sharp enough for good measures. At 
this low density, however, members higher than 15 were not absorbed. 
Keeping the temperature low by intermittent exhaustion and raising the 
temperature of the tube by continuous heating, it was possible to extend the 
series up to m = 26, while maintaining the lines sharp. Absorptions of still 
higher members as fine lines were secured at a pressure of about 37 mm. at 
the sacrifice of the sharpness of the lines constituting the earlier members. 
At this stage the new lines also appeared. 

Measurements were made on photographs taken in the second order spec- 
trum of the 10-foot concave grating, giving a dispersion of about 2*8 A.U. 
per millimetre. The wave-lengths of the reference iron lines were taken from 
the table given by Burns. 

The new measures are collected in Table I : — 



Spectrum of Potassium, Vapour. 



541 



00 

60 
o 
o 

CO 

II 

CO 



I 



m 
w 
e3 

O 

«4H 
O 

W 

'r—i 
r-l 

CD 



?H 



r— I 



• 

I— 1 

p 

I 

• 

w 


COH^tDCOQWCOOHiOQHOO^i'WiOOWHSOi^ 
00000000»HfHOOrHrHOOOOOiOiO»O^F-i 

OOOOOOOOOOOOOOOOOOOOOOrHfH 

1 1 1 1 ! II 


• 


0iOH(MC0rfH0©NC0C53OHC<lW'*»CO^C00iQH!M 
^CMCMCMCMCM^lCvJ^^CMCOOOCOCOCOCOCOCOCOCO^TJHTfi 


i 


^-C^^C0t^00C»^00COTf<(r>OQ0O>OlO-^05CDOTf<CqC0 

COOQOM05'*0'M05I>COC5HGOCOHN05»ClOl>.OOOOCO 

©NOIMWHOONCON05HWOOOOOOCOOO^O©C0051> 
O^NOQONlO^MNHHOO)0500COt>NI>COCOU5W 
MIMiMlMHHHHHHHHH 


6 

d 


H©TftifJr(iOO^ON^iMC0O00C0M'*05NW^(DO 
H^©HiQO00lMi0J>00»OC0©He0(MU3000>X>CO.©H 

(MCON^NNCO>H--000«5WfliU50W505CONH^lCOH 
Tjl<riaOOCMCO^COJ>aOaOO^©O^CMCM<MCOCO^TPaOXO 
^I>-l>a0COa0a0a0cX>a0a0»CBO:O5OiO5O5OiO5O5O5O5Ci 

Tl Tl Tl it ... 11 . Tl ... 11 »l Tl .. TJ Tl . JQ . JU *• ^^| ^Jl ^^| Tl ^^ <U T 1 Tt .-..T* 

^i "^ ^i tji "^ Tj' ^j 1 ^^ ^i ^5^ tji ^i Ty *zr >n ^p ^^ ^p ^* w 1 ^n ^p ^t 1 nt 

cococococococowcococococococococococccococococo 


^5 

• 

HH 


OC5T^rHCOCO(MI>.C01^0J>rHOTPOaWCO»HaO.I>COrHCM 

iO^lxMOOOCOCOCOC^I^IM^IMQO^ONeOOOOlOCO 

NUJMNOOSCONsOOiOfP^COMNiMNHHHOOO 
I>t>J>t>l>COCOCOCO-CD<OCOCOCOCOCOCOCOCDCO«0<OC050 
<X)<X>CCaO0OaO-<X>aOaO0OC#aOaOaO<»aOaOC»aOaOaOaOC»a^ 

cmcmcm<mcmcncmcmcmcmcnncmcmc<icncmcmcmcmcmcmcmcm 




• 
i— < 
eS 

I 

• 

m 


O O CO 1> Gi Oi 00 QON'*HlOCOCOHO«Oi' 
O © iQ O O »H <N OrHO'-tOOOOrHOO 

* • • • • • • #»»•#*•••#* 

O O CM o o o o ooooooooooo 

1 1 1 


• 


-4 CM CO Tfi tO CO J^OOCDOfHOqcO-^iO^Drr^OO 


• 


C0NO0500C0C0OiNN(NNOHOOO00OO0505OC000 
COCOWCRI>C^CMCOOt~l>»COCOTfll^C\iaOCMCMCOrHCOaOaOl>. 

UDMQ0OC0^^Q0Q0OC0<XJl^Q0»^CDOC0^Jt>05C0C0l N "' , !fl 
COCMOOOOrHCOCO^OOCOCOOSOa^COCOCMCMCOCOi^COCMaS 

oocqcoo o i> o w3 cq©aoj>coiQTfi<«!f<coco!N 

HMO CO CO CM CM fH iH rH 


• 


iH Oi »0 CO lO JO i-< 
I— SO rH rft <M CO iH 

!>. 00 00 "$ CM r-i rH 

*Q rH 


• 

6 
s3 


N^CO©OWN05COHCOHC01>COOOCOOCOC005C3)NOO 
00 rH rH tJ< J>« to <N l>'05 M>hHOJ>«©NNhNO©50N 

NWOHilCO^CJaiNHOHOCOlMNNNHaiUJHOCO 
T}iCO(MOQOI>tONW^^HHeOt>i'OOCONCOa)^OOH 

oan>t*oaioo!MNai -<*< n © h n co t? io io co © n 

CO CM "* OiQOrH CM <M CO C0C0'*rPTt<'^TttrPTf4rP'^ 
rHrHCM CM CO CO CO CO COCOCOCOCOCOCOCOCOCOCO 


# 

-< 

M 


OH'MHCDCOCOCOOIMOQOCON^MCNCON"*'!! 
-*HT}10lMONWO<NOOCO^ ; i©HOHONQ05U3HCO 
050rHC^JC>l>.rH(r>C»Or>05rHCM^t-COrHCMrH-^r><30COaO 

^C^^r>COt>l>COrHCM"*"*CMCMCOCMl>CO^^O^OilOCMOi 
C005^^^xftrHr-iOOCOC00505CO"^CMrHOOOiOOCJ000 1-- 
CO O rp CM <-H © Q O5OiO5O5O5©COC0 XQO00 
1> tP CO CO CO CO CM CNCMCMCMCMCMCMCMMCMCM 

1 

__ i ■ ■ — — — 1 



o 



m 
U 

<o 

B 

3 

02 

03 

a) a 

M 

a 
© 

o3 



09 

0) 
Fh 

Pi 

CO 

03 
0) 



542 Mr. S. Datta. The Absorption 

3. Regularity of the Series. 

It is well known that the frequencies of any of the recognised series can 
be approximately given by a formula of the type v = A— N/[/(m)] 2 . A 
convenient form of/(m) is that suggested by Hicks, viz., /(m) = m-fa-f/3/m. 
Assuming N to be known, the limit A of the series, as well as its other 
constants, are usually calculated from the lines giving the earlier members of 
the series. The actual calculated value of A then not only suffers from the 
errors of observation of the three lines, but also depends to a considerable 
extent on the form of /(ra) employed and the value of the constants a, ft. It 
is evident that in the case where many members of a series are known, the 
limit might be best obtained from the higher members. And although it may 
^be objected that these higher members, being in the ultra-violet small observa- 
tional errors in wave-lengths, are multiplied by large factors in the wave 
numbers, by taking a sufficient number of them into account the mean will 
:give a more trustworthy result than is obtainable by any other means. Prof. 
Nicholson* has suggested a method for the accurate determination of the 
limit of the series which involves the above mode of treatment. The method 
requires for its application a preliminary formula, for example, of the Hicks 
type, for the expression of the series. If the series is represented by 

v m = A— JST/(m + * + S) 2 , 



then v m = A — 



l__2i_+ 3 * 



(m + *f L m + a (m + cif 

The fourth term of the convergent series is 318h 2 /(rn-h a)\ and since N" is 
about 10 5 , this cannot exceed a certain value which will affect the significant 
figure in A beyond a certain value of m depending on the value of 8 used. 
For all the lines beyond that value of m, 

v -A N I 2m 



(m + u) 2 (m + a) 3 ' 

whence, A = (^ + l + «) 8 ^i-(^ + «) 8 ^ + ^ 

(m + 1 + a) 3 — (m + of 

If N" is known, this formula would permit a determination of the limit of 
the series from any pair of consecutive lines. Taking N" = 109678*31 + AN", 
where AN represents the difference of N for potassium from that for hydrogen 
determined accurately by W. E. Curtis/f A can be calculated and will include 
a known and an unknown part involving AN. The formula adopted by Prof. 
Fowler \ for the principal series of potassium is 

v(m) = 35005'88-N/(m + l'296281-0-061661/m) 2 . 

* J. W. Nicholson, < Roy. Soc. Proc.,' A, vol. 91, p. 255 (1915). 
t W, E. Curtis, ' Roy. Soc. Proc.,' A, vol. 90, p. 605 (1914). 
% A. Fowler, * Report on Series in Line Spectra,' p. 101. 
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Taking these values of the constants, it can be shown that for lines beyond 
m = 9, the fourth term mentioned above is negligible. 

Considering some of the lines beyond m = 9, the values of A have been 
calculated by Nicholson's method, giving the results shown in Table II. 





Table II. 




Calculated from lines m = 


A. 




10,11 


35008 '38 


+ AN/418 


13,14 


35008 -48 


+ AN/657 


14,15 


35008 -08 


+ AN/749 


19,20 


35008*15 


+ aN/1297 


24, 25 


35009 '27 


+ AN/1996 


25,26 


35008 -89 


+ AN/2154 


26, 27 


35009 -99 


+ AN/2318 


28,29 


35006 '79 


+ AN/2663 


31,32 


35007*88 


+ AN/3226 


33,34 


35007 '78 


+ AN/3632 



No value of AN" can be found which makes the general deviations from 
^equality any smaller than they are for the calculated parts at present. This 
•does not necessarily mean that AN" = 0, but that the method is not suitable 
for the calculation of AN" with the available observations. But as any 
reasonable value of AN will only affect the second decimal figure in the value 
•of A, AN may be assumed to be zero. The mean value of A thus obtained is 
A = 35008-48. 

With this limit and any two other lines it is possible to calculate the 
-series, but it is found that unless the earlier members are used for the 
calculation of constants, the difference in the observed and the calculated 
wave numbers far exceeds the limits of observational error, perhaps due to 
the important part which AN plays for these earlier members. A formula 
which represents the whole series very closely has been obtained with the 
above limit and the stronger components of the first and second lines, namely, 

0-06154\ 2 



Pl (m) = 35008-480 -1097361/ m + 1-29667 ~ 



m 



With the value of N(= 109736*1) obtained by taking the mass correction 
of the nucleus of potassium into account, the agreement between the 
observed . and the calculated values (shown in Table I) is somewhat better 
than when the value of N for hydrogen (109678-3) is used. . Except for the 
deviation shown at m = 3, which is rather abnormal, and the last four 
members (m = 39 to 42), the agreement is within the errors of observation, 
which are believed to be not greater than O'OIA. The deviations of the 
higher members (m = 39 to 42) are supposed to be real, as the change in the 
value of N due to any perturbation, or those of the constants a and 0, have 
very little effect for higher values of ra. It may be mentioned here that the 
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principal series of sodium also shows similar deviations for the last few 
lines, and Prof. Hicks* has expressed his doubts whether they actually 
belong to the typical^ series. It is, however, possible to extend an idea of 
Prof. Sommerfeld to these higher members which may explain the observed 
deviation. Prof. Sommerfeld, with a view to explaining the continuous 
spectrum which usually appearsf at the end of the series, has put forward 
the theory that, when the radiating electron is knocked out of the atom, it 
comes into collision with other free electrons or atoms, and consequently^ 
when it fails back to the limiting orbit and forms part of the atom, the 
extra energy received during the collision has also to be taken into account. 

As the electron can acquire any velocity during such collision, the extra 
energy {^fiv 2 ), where /jl is the mass of the electron and v the velocity 
acquired, may have any value from zero upward. Consequently the 
electron, in falling to the limiting orbit, would not give rise to a line (the 
limit of the principal series), as is to be expected from Bohr's theory, but a 
continuous spectrum stretching on the more refrangible side of the limiting 
line. Now the condition of the electron, owing to the very weak influence of 
the nucleus in any of the very high orbits (almost approaching the limit), is 
not very different from one entirely removed from the atom. So that it 
possibly acquires extra energy in a similar way. And if the energy received 
be not sufficient to ionise the atom or to raise the electron to higher orbits, 
then there will be an increase in the amount of energy radiated. The total 
effect of this would be to broaden the lines (as they are known to be), with 
the consequent displacement of the line on the more refrangible side. In 
both sodium and potassium, the observed frequency is higher than the 
calculated one for the last few lines. 

4. Absorption of Lines other than the Principal Series. 

Besides the absorption lines of the p series, several new lines were 
absorbed at higher pressure, of which no traces could be found at low 
pressure. The experiments on absorption were carried on at five different 
pressures : 2*5 mm., 5 mm., 20 mm., 37 mm., and 46 mm. These new lines 
made their first appearance at 20 mm. pressure, strengthening in intensity, 
and becoming diffuse as higher pressures were reached. Up to m = 6, lines 
were observed on both sides of the p series lines. At m = 2, the lines are 
far removed from the p series line, but they gradually approach and 
finally coalesce with the p series lines with decreasing intensity as m = 7 

* W. M. Hicks, * Astrophys. Journ.,' vol. 44, p. 229 (1916). 

t It is most striking in the case of the Balmer series of hydrogen, especially as it 
appears in some of the stars. 
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is reached. At m = 6 another set of lines appear, which run parallel 
with the p series lines in the scale of oscillation frequency and on their more 
refrangible side. 

These lines seem to have no correspondence with the emission lines of 
potassium, and attempts to correlate them have not been successful. Their 
wave-lengths and wave numbers corrected to vacuo are collected in Table II. 
The wave-lengths of the nearest p series lines are also given, in order to show 
their divergences from them. 
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2942 -718 
2941 *19 
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2926 -10 
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961 '09 
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34147 *68 
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34280 -20 

01-08 


19-33 

18 '88 
17*69 
17-62 
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18-88 



5. Absorption of the Combination Lines Is — 2c?, 2d' and Is — 3d. 

One of the most interesting results achieved in the repetition of the 
experiment is the absorption of the two combination lines Is — 2d and Is— 3d. 
Previous to this only the lines of the principal series have been observed in 
absorption. According to Bohr's theory the radiating electron is in the Is 
orbit in the quiescent state of the atom, and the absorption of energy causes 
its transfer from the Is orbit to the successive orbits. The absorption of 
practically all the members of the principal series clearly suggests that the 
energy absorbed in the process is very nearly that required to ionise the 
atom if not actually ionising it. In the scale of energy, the positions of the 
d orbits are much nearer to the Is orbit than even the 2p orbit. Consequently 
it was considered very remarkable that the energy sufficient to knock out the 
electron from the atoms was not sufficient to transfer it to the d orbits. 
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According to Somrnerfeld these lines represent an interorbital transition 
requiring a change of two units in azimuthal quantum, which is forbidden 
according to the selection principle of Bohr or Eubinowicz. While the line is 
well known, its excitation has been thought to be occasioned by the presence 
of the electrostatic field. In the present case, however, it is difficult to 
conceive of any external electrostatic field. The possibility of the influence of 
the electric field due to the neighbouring atoms is also precluded from the 
fact that these lines were observed at even the lowest pressure (2*5 mm.). 
Had there been any such field of atomic origin their effect on the bands of 
potassium, which were simultaneously absorbed, would have been too great 
to escape notice. Absorption bands of potassium, though faint, were 
beautifully sharp at 2*5 mm. pressure, and no blurring was noticed till the 
pressure reached as high as 30 mm., when the flutings merged into a con- 
tinuous mass owing to the acknowledged Stark effect. The intensity of the 
combination lines, however, increased with an increase in pressure ; but this 
may mean more than anything else that, at low pressure, owing to the small- 
ness of the number of absorbing atoms, the chances of such extraordinary 
transfers are very rare. The effect of increase of pressure is to increase the 
chances by increasing the number of atoms. The possibility of bringing out 
these transfers, without an external field is proved beyond doubt by the 
beautiful experiments of Foote and others,* who observed the radiation of the 
combination lines Is — 2d, 2d f in the space shielded from the applied electro- 
static field — itself very low. 

This result and that of Foote and others may, therefore, be pointed to as 
distinct evidence of contradiction of the selection principle as at present 
enunciated. 

The combination lines Is — 2d were observed as a pair, as previously 
recorded,! and may be put forward as an indication of regarding the diffuse 
lines as having a satellite. 

The line at about \3650 was photographed with a small quartz spectrograph 
in the vacuum arc experiment and was recognised as the combination Is — 3d| 
This was, however, not included in the previous paper owing to the rough 
nature of its measure. This was observed as an absorption line in the present 
experiment, its wave-length having the value — 

X 3648*971, v (vac.) 27397*19, */ cal . 27397*6. 
The absorption of all the lines, one of whose terms is Is, gives an additional 

* P. D. Foote, W. F. Meggers, and F. L. Mohler, * Astrophys. Journ.,' vol. 55, p. 145 
(1922). 

+ < Eoy. Soc. Proc.,' A, vol. 99, p. 69 (1921). 

I See A. Fowler, c Eeports on Series in Line Spectra/ p. 103. 
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stress to the Is orbit as being the significant one. The significance of Is 
orbit according to Bohr's theory is that it represents the orbit of the electron 
in the normal state of the atom. Consequently the chances for all radiations 
one of whose terms is Is are very great. Increasing, therefore, the chances 
alone by appropriate experiments, the absorption of lines corresponding to 
other interorbital transfers may possibly be obtained. 

The absorption bands of potassium have also been photographed and will 
form the subject of a separate communication. 

Summary. 

1. The principal series lines up to m = 42 have been observed as absorption 
lines and their wave-lengths accurately measured. The series equation shows 
satisfactory agreement between the observed and the calculated values with 
the exception of deviations for the last few lines for which a possible explana- 
tion has been given. 

2. The first seven members of the series have been resolved into their 
components as compared with five in previous investigations. 

3. Besides the absorption of the lines of the principal series, new lines have 
been found to be absorbed at higher pressures, which seem to have no corre- 
spondence with the known lines in the emission spectrum. 

4. The combination lines is — 2d and Is — 3d have been found to be absorbed, 
the first as a pair, confirming the presence of a satellite to the lines of the 
diffuse series. Their appearance in the absorption spectrum gives distinct 
evidence of contradiction of the selection principle. 

In closing, my best thanks are recorded to Prof. A. Fowler, F.E.S., for his 
helpful interest in the work. 

DESCRIPTION OF THE PLATE. 

Fig. 1. — Showing the combination lines Is — Id, 2d' ; Is — 3d, and the earlier members of 
the principal series in order of decreasing wave-length, p [6] is from an enlarge- 
ment of a second order negative, all others are from that of a first order. 

Fig. 2. — Showing the absorption of the principal series lines from m — 5 to 18, at a 
pressure of 5 mm. 

Fig. 3. — Showing the absorption of the principal series lines from m = 7 to 42, at a 
pressure of 46 mm. 
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the principal series in order of decreasing wave-length, p [6] is from an enlarge- 
ment of a second order negative, all others are from that of a first order. 

Fig. 2. — Showing the absorption of the principal series lines from m = 5 to 18, at a 
pressure of 5 mm. 

Fig. 3. — Showing the absorption of the principal series lines from m = 7 to 42, at a 
pressure of 46 mm. 



